Introduction
============

Tumor-to-meningioma metastasis (TMM) is a fairly uncommon phenomenon, with just over 100 cases published to date since the first case reported by Fried in 1930 ([@b1-ol-0-0-5655],[@b2-ol-0-0-5655]). Although meningiomas have been reported as the most common intracranial neoplasms to harbor metastasis, any benign or malignant tumor can be a recipient ([@b3-ol-0-0-5655]--[@b6-ol-0-0-5655]). Despite certain radiological features being suggestive of the diagnosis of TMM, such as atypical signal changes in MRI suggesting the presence of another tumor within a meningioma, they are neither sensitive nor specific, making the pre-surgical diagnosis extremely difficult ([@b7-ol-0-0-5655],[@b8-ol-0-0-5655]). The prevalence of TMM increases with age and apparently there is no gender difference. Only 7 cases of prostate cancer with TMM have previously been described in the literature ([@b6-ol-0-0-5655],[@b9-ol-0-0-5655]--[@b13-ol-0-0-5655]). The present study aimed to report a case of prostate cancer TMM, and to discuss the relevant clinical and neuroimaging aspects of this condition.

Case report
===========

A 68-year-old male with a diagnosis of left sphenoid wing meningioma, observed on brain magnetic resonance imagin (1.5T device; Philips Medical Systems, Inc., Bothell, WA, USA), underwent a Simpson II resection meningioma at Hospital das Clínicas, University of Sao Paulo (Sao Paulo, Brazil) ([Fig. 1](#f1-ol-0-0-5655){ref-type="fig"}). The patient experienced a good post-operative clinical course and there were no signs of tumor recurrence on imaging. However, 3 years after the resection, the patient was admitted to the Emergency Department of the same hospital complaining of headaches, poor visual acuity in the left eye and ipsilateral eyelid droop. These symptoms were present for 1 month. A neurological exam at admission revealed normal levels of consciousness and cognition, with no sensory or motor deficits. Upon cranial nerve evaluation, there was impairment of the visual acuity on the left side, associated with ipsilateral oculomotor nerve palsy. The visual fields were preserved and no other cranial nerve was altered.

Head computed tomography (General Electric, Milwaukee, WI, USA) revealed a hyperdense area suggestive of a recurrent left sphenoid wing meningioma ([Fig. 2](#f2-ol-0-0-5655){ref-type="fig"}). Gross total resection was performed through the previous craniectomy access. A large gliotic area with a cyst and enlarged subarachnoid space facilitated access to the lesion. The tumor presented a fibrous aspect and bled profusely. The tumor adhered to the middle fossa and left sphenoid wing, and was resected with no complications. The intraoperative tumor aspect was suggestive of a meningioma: A well-circumscribed yellowish extra-axial lesion attached to dura-matter. Post-operative axial head computed tomography (CT) scan was performed and showed complete tumor removal ([Fig. 3](#f3-ol-0-0-5655){ref-type="fig"}). Due to septic shock from pneumonia on postoperative course and the patient succumbing to the disease two months after surgery, systemic cancer therapy was not performed.

In the histological examination, the tumor was identified as a metastatic adenocarcinoma inside a transitional meningioma ([Fig. 4](#f4-ol-0-0-5655){ref-type="fig"}). The surgical specimen consisted of brownish tumor fragments totaling 4.2×3.8×0.8 cm with fibroelastic consistency. All the fragments underwent fixation with formalin and histological examination. The immunohistochemical examination favored a prostatic primary site, with the following results: Negative reactivity for caudal-type homeobox-2, cytokeratin 20, cytokeratin 7, thyroid transcription factor-1 and vimentin, and positivity for epithelial membrane antigen, prostatic acid phosphatase and prostate-specific antigen (PSA). Subsequent investigation revealed a PSA level of 1,295 ng/ml (reference value, \<4.0 ng/ml) and signs of advanced metastatic prostate disease on cancer staging.

Discussion
==========

Prostate cancer TMM is a rare condition. To the best of our knowledge, the present case is only the eighth case reported in the literature. [Table I](#tI-ol-0-0-5655){ref-type="table"} summarizes all the cases to date. The most commonly encountered malignant donor tumor is lung adenocarcinoma in males and breast adenocarcinoma in females, the latter mostly arising in women in their fifth and sixth decades of life ([@b7-ol-0-0-5655],[@b8-ol-0-0-5655]). In a recent review of the literature ([@b2-ol-0-0-5655]), 114 cases of TMM were reported, with 54 breast cancer cases and 23 lung cancer cases, representing 47.4 and 20.2% of the total, respectively.

Although cerebral metastases are by far the most common intracranial tumors, the occurrence of TMM is still considered a rare condition ([@b2-ol-0-0-5655]). According to a study by Barz, among 8,371 autopsies, 4 cases (0.05%) of a carcinoma metastasizing into a meningioma were found ([@b14-ol-0-0-5655]). Notably, the yielding of less common primary sites of the genitourinary system to such metastasis has been reported, including in the kidneys and prostate ([@b2-ol-0-0-5655]).

Epidemiological and pathophysiological mechanisms have been proposed to explain the meningioma\'s higher propensity to harbor extracranial metastatic lesions. [Table II](#tII-ol-0-0-5655){ref-type="table"} outlines the various reasons proposed. Apparently, a combination of epidemiological aspects and the biology of meningiomas explain, at least in part, this association. Epidemiological studies have shown that metastatic cancer and meningioma occur simultaneously with high frequencies during aging ([@b15-ol-0-0-5655]). The benign and slow growth rate associated with high collagen and lipid content, characteristic elements of meningiomas, render a favorable, non-competitive environment for metastasis to develop ([@b16-ol-0-0-5655]). Another important point concerns the hypervascularity of meningiomas, which may enhance the chances of the meningioma to receive hematogenous metastasis ([@b4-ol-0-0-5655],[@b17-ol-0-0-5655]). In cases of breast cancer TMM, two relevant factors have been postulated to play a role in metastatic seeding: i) High expression of cell adhesion molecules, such as E-cadherin ([@b18-ol-0-0-5655],[@b19-ol-0-0-5655]), and ii) hormonal factors, particularly estrogen and progesterone receptor expression ([@b20-ol-0-0-5655],[@b21-ol-0-0-5655]). Lastly, overexpression of oncogenes in meningioma and metastatic carcinoma could contribute to the simultaneous occurrence ([@b22-ol-0-0-5655],[@b23-ol-0-0-5655]).

It is crucial to differentiate TMM from the occurrence of collision tumors, which are due to the growth of two isolated tumors that successively collide ([@b24-ol-0-0-5655]). In order to discriminate between these two conditions, in 1968, Campbell *et al* ([@b25-ol-0-0-5655]) proposed four criteria for the diagnosis of tumor-to-tumor metastasis, while in 1984, Pamphlett ([@b26-ol-0-0-5655]) depicted two diagnostic criteria for TMM: i) At least partial enclosure of the metastatic focus by a rim of benign histologically distinct host tumor tissue; and ii) the proven existence of metastasizing primary carcinoma compatible with the metastasis. The present case fulfills these criteria.

Even as the second most common cancer worldwide, prostate cancer rarely metastasizes to the brain, with only 0.2--0.6% of such cases ([@b9-ol-0-0-5655],[@b27-ol-0-0-5655]--[@b29-ol-0-0-5655]). In general, central nervous system involvement is restricted to the spine, involving the perineural and capsular lymphatic system, as well as Batson\'s venous plexus ([@b29-ol-0-0-5655]). Furthermore, certain studies have reported dural metastasis from prostate cancer simulating meningiomas ([@b30-ol-0-0-5655]--[@b34-ol-0-0-5655]). However, the present case represents a distinct entity: The metastatic prostate cancer is surrounded by the recipient, benign tumor (meningioma), meeting the aforementioned criteria ([@b26-ol-0-0-5655]) for 'true' TMM.

The present case has another distinctive feature in that the TMM was the first clinical manifestation of an occult primary prostate cancer. The histology report triggered a systemic investigation, leading to the diagnosis of disseminated cancer. However, the majority of the TMM cases reported to date had a previous diagnosis of metastatic disease, rendering a pre-surgical hypothesis of TMM ([@b6-ol-0-0-5655],[@b7-ol-0-0-5655],[@b35-ol-0-0-5655]). Conversely, Caroli *et al* ([@b8-ol-0-0-5655]) reported 3 cases of TMM in patients with occult cancer. Determining the occurrence of TMM in a patient without a previous history of metastatic disease remains a major challenge.

Clinical and neuroimaging features may be pivotal in the pre-operative suspicion of TMM. From the clinical point of view, three factors commonly associated with TMM were identified in the present study: i) A previously known history of metastatic disease, ii) uncontrolled systemic disease and iii) a rapid deterioration of neurological condition. However, none of these factors are specific for TMM, making a pre-operative diagnosis unlikely. Besides clinical information, neuroimaging may be extremely useful for assessing these patients. [Table III](#tIII-ol-0-0-5655){ref-type="table"} highlights the most notable characteristics associated with TMM. CT findings are described as either a hyperdense or hypodense (when associated with necrosis) area, which does not provide much information. However, atypical changes of signal on routine MRI can suggest the coexistence of two different tumors ([@b6-ol-0-0-5655],[@b8-ol-0-0-5655]). The use of specialized, physiology-based neuroimaging modalities, such as perfusion MRI (pMRI), magnetic resonance spectroscopy and positron-emission tomography-CT (PET-CT), may result in a superior diagnostic yield for this condition ([@b7-ol-0-0-5655],[@b8-ol-0-0-5655]). pMRI can potentially reveal two different curve characteristics of regional cerebral blood volume, suggesting different intratumoral vascular properties ([@b36-ol-0-0-5655]). When differentiating malignant tumors from benign tumors, N-acetylaspartate (NAA)/choline (Cho), NAA/Cho + creatine (Cr), lactate/Cr and alanine/Cr ratios are useful. Increased lipid/Cr and alanine/Cr ratios may enable metastasis and meningiomas to be distinguished from other tumors. The most striking characteristics of metastasis are a decrease in NAA, a prominent increase in Cho and lactate lipid peaks, and a high lipid/Cr ratio ([@b37-ol-0-0-5655]). Fukushima *et al* ([@b38-ol-0-0-5655]) used PET-CT with fluorodeoxyglucose and the positron-emitting radioactive isotope fluorine-18 in a patient with lung adenocarcinoma metastasizing to vestibular schwannoma that was suspected on pre-operative imaging studies. Despite this not being a meningioma case, the rationale of using a neuroimaging technique to assess the metabolic pattern of a tumor may be applied for tumor-to-tumor metastasis (TTM) cases. The tumor-to-normal ratio, one of the parameters used, was markedly high, which offered corroborating evidence of TMM.

The pre-operative high suspicion of TMM can modify the treatment of TMM when compared with routine meningioma excisions. Taking into consideration the possibility of TMM, surgeons may adopt different surgical approaches. Likewise, pathologists may look differently and systematically at the entire tumor, reducing the chance of misdiagnosis if the TMM hypothesis was not taken into account ([@b7-ol-0-0-5655]).

The present study is a case report of a patient with a more likely preoperative diagnosis of a benign tumor based on imaging studies that had a metastatic prostate cancer with unfavorable postoperative course. In such cases, physicians caring for patients with brain tumors should be familiar with TMMs, since the preoperative diagnosis remains challenging for the majority of cases. Clinical and neuroimaging features are crucial for this purpose, giving further consideration to this hypothesis. However, clinical and radiological findings are neither sensitive nor specific for TMM diagnosis, and being subjected to histopathological study is the only definitive diagnostic method. Finally, the effort of forming a preoperative suspicion can be rewarding, allowing the more appropriate conduct of the professionals involved with the patient care.

![Initial presentation (2008). Brain T1-weighted post-contrast axial magnetic resonance imaging showing an enhancing dural-based mass occupying the left anterior inferior temporal fossa surrounded by moderate vasogenic edema and a mass effect. The mass exhibited an intimate association with the underlying left sphenoid wing.](ol-13-03-1529-g00){#f1-ol-0-0-5655}

![Computed axial tomography on readmission in 2011. A hyperdense area encompassed by mild cerebral edema was suggestive of recurrent left sphenoid wing meningioma. There was no relevant mass effect and a large gliotic area with an enlarged liquor space compatible with the prior procedure was also observed.](ol-13-03-1529-g01){#f2-ol-0-0-5655}

![Post-operative axial computed tomography showing the final aspect after the new resection. Beyond the gliosis, certain heterogeneous hypodense areas and residual pneumocephalus were apparent.](ol-13-03-1529-g02){#f3-ol-0-0-5655}

![(A) Histological analysis. In metastasis of prostate adenocarcinoma into transitional meningioma. Malignant neoplasm composed of basophilic glandular structures (lower region) infiltrating meningioma with characteristic swirls (center) (hematoxylin and eosin staining; magnification, ×100). (B) Immunohistochemistry for prostate-specific acid phosphatase. Positivity in adenocarcinoma around negative cells nest, typical of meningioma (magnification, ×200).](ol-13-03-1529-g03){#f4-ol-0-0-5655}

###### 

Previously reported cases of prostate cancer TMM, regarding clinical information, neuroimaging features and histology.

  A, Autopsy reports                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
  ------------------------- ----- ----------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------ -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------
  Döring, 1975              73                                                                                                                                              Autopsy report: Sudden enlargement of the meningioma leading to pressure on the brain-stem, consequently causing a rapidly fatal disease course. The patient succumbed at 10 h post-admission to hospital.                   ([@b10-ol-0-0-5655])                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          
  Chambers *et al*, 1980    67                                                                                                                                              Five cases of carcinoma metastatic to intracranial meningioma or neurilemoma are presented. Only one patient had TMM originating from metastatic prostate carcinoma. Imaging study revealed hipodensity within meningioma.   ([@b11-ol-0-0-5655])                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       
  B, Treatment reports                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       
  Author, year              Age   Signs/symptoms                                                                                                                            Neuroimaging                                                                                                                                                                                                                 Cancer staging                                                                             Histology                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          (Ref.)
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       
  Bernstein *et al*, 1983   55    2-week history of progressive left hemiparesis, recent onset of associated morning nausea.                                                CT revealed a calcified globoid mass with increased density at the right parasagittal region, which enhanced with contrast material. A rim of edema and a minimal shift of the midline were noted.                           Metastatic lesions to the spinal column, cranium, sternum and ribs.                        Two distinct tissue types: Dense fibrous/endotheliomatous meningioma, and a moderately well-differentiated adenocarcinoma. Necrotic and hemorrhagic centers were noted, and the malignant tumor appeared to insinuate between meningeal cells in certain areas.                                                                                                                                                                                                                                    ([@b9-ol-0-0-5655])
  Cluroe, 2006              78    Progressive lower limb weakness, which partially responded to steroid therapy.                                                            CT scan revealed a parafalcine tumor extending into the brain on each side of the falx, consistent with meningioma.                                                                                                          Not complete: Patient had been treated elsewhere for prostate cancer 8 years previously.   Two distinct histological patterns: One pattern consisted of groups and nests of epithelioid cells, with an increased mitotic index of 20/10 high-power fields. The second pattern consisted of more typicalmeningiomatous area. Positive expression for EMA in the meningiomatous and epithelioid areas. The distinct pattern of CK staining confirmed the suspicion of two lesions, namely, a carcinoma within a meningioma. PSA stain showed strong positivity of the epithelioid areas only.   ([@b12-ol-0-0-5655])
  Pugsley *et al*, 2009     70    2 to 3-week history of left-sided facial droop, left-sided weakness and subsequently slurred speech. Headaches for several weeks prior.   8.3-cm lobulated dural lesion in the right parietal area with significant mass effect and moderate midline shift to the left.                                                                                                Two-year history of metastatic prostate cancer                                             Two distinct neoplasms arising from the dura: Meningothelial meningioma and metastatic prostate adenocarcinoma. The meningioma was composed of cells disposed in meningothelial nests and whorls with rare psammoma bodies. The tumor was infiltrated by irregular nests and cords of epithelial cells that stained for PSA.                                                                                                                                                                       ([@b13-ol-0-0-5655])
  Moody *et al*, 2012       58    Numbness and progressive weakness of the left toes and foot.                                                                              Dural-based, 2.4×2.6-cm lesion located in the area of the primary motor cortex in the right frontal region with a significant amount of vasogenic edema.                                                                     Metastatic prostate cancer (Gleason 8)                                                     PSA and PSAP immunoreactive adenocarcinoma component admixed within a classic meningioma.                                                                                                                                                                                                                                                                                                                                                                                                          ([@b6-ol-0-0-5655])
                            57    New onset dizziness, loss of concentration during driving and conversation, and weakness in the right arm.                                MRI showing a large, 6-cm left frontal mass containing blood, adjacent to a prominent area of calvarial hyperostosis, with mass effect and surrounding vasogenic edema.                                                      Metastatic prostate cancer (Gleason 8)                                                     Metastatic prostate carcinoma surrounded by meningioma areas. The former staining strongly positive for CK (Cam 5.2) and PSA, intermingled within the meningioma.                                                                                                                                                                                                                                                                                                                                  

CK, cytokeratin; EMA, epithelial membrane antigen; PSA, prostate-specific antigen; CT, computed tomography; MRI, magnetic resonance imaging.

###### 

Epidemiological and pathophysiological mechanisms suggested for the predilection of meningioma to harbor metastasis.

  Proposed mechanism                                               (Ref.)
  ---------------------------------------------------------------- ----------------------
  High incidence of meningioma among intracranial neoplasms        ([@b15-ol-0-0-5655])
  Increase in incidence with age, as occurs with metastasis        ([@b15-ol-0-0-5655])
  Benign and slow growth rate                                      ([@b16-ol-0-0-5655])
  Hypervascularity                                                 
  High collagen content                                            
  High lipid content                                               
  High expression of cell adhesion molecules, such as E-cadherin   ([@b15-ol-0-0-5655])
  Overexpression of oncogenes (e.g., c-Myc)                        
  Hormonal factors (estrogen and progesteron receptors)            

###### 

Neuroimaging features frequently associated with TMM.

  Diagnostic technique   Feature
  ---------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  CT                     Hyperdense lesion
                         Hypodense lesion (when associated with necrosis)
  MRI                    
    Routine MRI          Atypical signal changes suggesting the presence of another tumor within a meningioma.
    pMRI                 Marked increase in rCBV within a tumor. May reveal different curve characteristics suggesting distinct intratumoral vascular properties.
    MRS                  Increase in alanine/Cr ratio is highly suggestive of a meningioma. A decrease in NAA, a prominent increase in Cho and lactate lipid peaks, and a high lipid/Cr ratio favor metastasis.
  PET-CT                 FDG may play a role in the pre-operative diagnosis of TMM. An increase in T:N ratio may be observed.

CT, computed tomography; MRI, magnetic resonance imagimg; pMRI, perfusion-MRI; rCBV, regional cerebral blood volume; MRS, magnetic resonance spectroscopy; PET-CT, positron emission tomography-CT; Cr, creatine; Cho, choline; FDG, fluorodeoxyglucose; NAA, n-acetyl aspartate; T:N ratio, tumor-to-normal ratio; TMM, tumor-to-meningioma metastasis.
